T
he VN descends within the carotid sheath in the neck. From the jugular foramen, it has a relatively straight course up to the thorax. In the carotid sheath, it lies posteriorly in the groove between the carotid artery (internal, common) and the IJV. Although the diameter of the VN is approximately 2 mm, the normal VN usually can be imaged by only sonography. 1, 2 On longitudinal scan, the VN appears as a striated structure, due to the hypoechoic parallel nervous fascicles separated by a hyperechoic perineurium. On transverse scans, the VN has a honeycomb appearance with 2 to 4 hypoechoic rounded fascicles surrounded by a hyperechoic epineurium. 2 Injury of the VN and its branches can occasionally occur during carotid endarterectomy. 3, 4 In addition, the VN is relatively close to the surgical field of a thyroidectomy. Therefore, knowledge of the anatomic variation in the course of the VN may be important to reduce the risk of VN injury. Variation in the course of the VN is very rare, and only 1 variation, an anterior location of the VN in front of the CCA, has been reported previously. 2, [5] [6] [7] The purpose of this study was to evaluate the incidence and type of variation in the course of the cervical VN on thyroid ultrasonography.
Materials and Methods
This study was approved by the institutional review board. From August 2009 to September 2010, 163 consecutive patients were evaluated by sonography for the screening and characterization of thyroid nodules (mean age, 49.0 Ϯ 14.4 years, male:female, 20: 143). Acuson S2000 (Siemens Medical Solutions, Mountain View, California) and ATL HDI 5000 (Philips, Bothell, Washington) were used for the evaluation. Two radiologists assessed the VN by sonography and identified the VN by the typical sonographic features and location according to previous literature 2 during sonography examination. We defined 2 types of variation as follows: 1) anterior variation, when the course of the VN changed from the typical location to an anterior location in front of the CCA during its descending course (Fig 1) ; and 2) medial variation, when the course of the VN changed from the typical location to a medial location relative to the CCA (between CCA and thyroid gland) during its descending course (Fig 2) . We evaluated the incidence of the each variation of the VN.
Results
In total, 326 VNs were easily identified on ultrasonography.
The variations in the course of the VN were identified in 5.5% (18/326) of cases. Anterior variation was observed in 4.3% (14/326, right:left ϭ 4:10) and medial variation in 1.2% of cases (4/326, right:left ϭ 3:1). Bilateral variation was not observed. For the anterior variation, the VN went over the CCA when it changed course (Fig 1) . For the medial variation, the VN went across under the CCA when it changed course (Fig 2) . For both variations, especially in the medial variation, the VN was close to or nearly abutted the thyroid gland after it changed course. For both variations, the course of the VN began to change superior to or near to the upper part of the thyroid gland. In one case, despite the normal VN position, the whole carotid sheath was inwardly rotated, and the VN was very close to the thyroid gland. In this patient, the artery had a tortuous course and the thyroid gland was enlarged (Fig 3) .
Discussion
The results of this study showed that the course of the cervical VN varied in 5.5% of cases. This frequency is higher than previously reported (0.7%). 2 Anterior variation was more common than medial variation in this study. The anterior variation in this study was identical to the variation reported in the previous sonography study. However, medial variation is a newly identified variation; there is no prior report of this. The previous reports suggested the possibility of a close relationship between the thyroid gland and cervical VN during embryologic development. 7, 8 This suggestion was based on an animal study where neuronal cells from the distal vagal ganglion originated from parafollicular C cells of the thyroid gland. 8 In the anterior variation, the VN was close to the thyroid gland after it changed course in a previous sonography study. 2 In addition, it was shown that the VN with the anterior variation was loosely connected to the thyroid gland by connective tissue in an autopsy study. 7 The results of this study are consistent with prior reports. Although there have been no surgical reports confirming a connection between thyroid gland and VN with variation, there might be an association between thyroid gland and the variation of the VN.
In this study, the VN was easily identified and traced by ultrasonography. Iatrogenic injury to the recurrent laryngeal nerve branch of the VN has been reported in thyroidectomy, carotid endarterectomy, and anterior cervical spine surgery. The incidence of the recurrent laryngeal nerve branch ranged from Ͻ1% to 6% for thyroidectomy, from Ͻ1% to 8% for carotid endarterectomy, and from 1.3% to 2.6% for anterior cervical spine surgery. 4, [9] [10] [11] [12] The recurrent laryngeal fibers are medially placed in the vagal trunk. 3, 13 For anterior variation, the VN was superficial and medial to the CCA, and nerve injury may occur during dissection by a diathermy burn or mechanical stretching during carotid endarterectomy. 3, 13 For medial variation, the VN was deep and posterior to the CCA, and nerve injury may occur by sharp dissection for mobilization of the CCA during endarterectomy. 3, 13 For thyroid surgery, the VN is located within the carotid sheath; the surgeons usually pay less attention to the VNs than recurrent laryngeal nerve. However, for both variations, the VN is near the thyroid gland and may be injured during lateral dissection during a thyroidectomy. Recently, RFA has been used for treatment of thyroid nodules. 14, 15 The tip of a RFA electrode may be placed close to the CCA when the nodule is located in the lateral portion of the thyroid gland. In that case, the risk for injury to the VN may be considered in cases with variation in the course of the VN (On-line Fig 1) . Therefore, the information about the variant course of the VN may be important to prevent injury to the VN in patients undergoing thyroidectomy, ca- rotid endarterectomy, or thyroid RFA. It may be necessary to evaluate the variation in the course of the VN with sonography before such procedures. In one case in this study, despite a normal position, the VN was close to the thyroid gland due to the inward rotation of the whole carotid sheath. In this case, the CCA had a tortuous course and was angulated, and the thyroid gland was enlarged due to a goiter. It is possible that the course of the VN could be angulated and displaced by the change of the surrounding environment such as the CCA and the thyroid gland. In that case, the change of the course of the VN can be easily determined by ultrasonography. In this study, there was no correlation between the sonography findings and surgical findings. The incidence of the variation in the course of the VN was not insignificant; however, there have been no reports on associated complication during carotid endarterectomy or thyroidectomy procedures. Further study may be needed to confirm the incidence and the association of such variations with surgical findings and outcomes of carotid endarterectomy and thyroidectomy procedures.
Conclusions
The variation in the course of cervical VNs can be assessed by ultrasonography. Variation occurred in 5.5% of our cases. Anterior variation was more common than medial variation. The knowledge of variation in the course of the VN may be helpful for carotid endarterectomy or thyroidectomy in terms of reduction of the risk of injury to the VN.
